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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Technical field to which single-mode-optic-fiber invention belongs This invention relates to the single 
mode optic fiber which can be used for transmitting radiation by high power more substantially than a 
thing realizable using the conventional means. This fiber does not receive a nonlinear effect or optical 
damage by higher power to the same range as an old optical fiber. Strictly, this fiber can be used as a 
single mode waveguide with a single mode fiber laser or single mode fiber amplifier. 
Background of invention Since light is sent out to another point from a certain point, an optical fiber is 
used widely, and it is utilized for the field of a communication link, imaging, and a sensor. Usually, 
although a typical optical fiber is uniform if it meets die length, it is one long stranded wire of a 
transparent material from which a refractive index changes in the direction of a cross section. For 
example, the main core region with a higher refractive index is surrovmded by the cladding fields where 
a refractive index is lower. Such a fiber is made from quartz glass and are surrounding the core made 
from a silica from which cladding of a pure silica mixed the impurity intentionally, and gathered the 
refractive index. Light is shut up incore or near it by the process of tiie total internal reflection which 
occiu-s on the boundary between a core and cladding. 

Generally, this type of fiber is supporting two or more guidance modes (namely, multimode fiber) in 
which propagation is shut up by the core, and these modes move along with a fiber with different phase 
velocity. However, when the core is made remarkably small, only propagation in only one guidance 
mode (for example, single mode fiber), i.e., a basic mode, is confined in a core. That is, also when the 
conditions of the beginning of a fiber change and the fiber itself wears disturbance, such as lateral 
compression and bending, I hear that distribution of the light which appears from a fiber do not change, 
and it is. Usually, the fiber currently made so that the single mode light whose wavelength is 1 500nm 
may be conveyed contains several% of germanium dopant in the core whose diameter is 9 micrometers. 
Recently, the photon crystal fiber (PFC) containing cladding made from the transparent ingredient by 
which the array of a hole is ****(ed) along with the die length of a fiber is developed (J. optical letter 21 
(1996) 1547 page besides C. night, and optical letter 22 (1997) 484 page by ERATA). A hole is 
arranged in a periodic array in a longitudinal direction, it fills up with the ingredient with a refractive 
index lower than the refractive index of the remaining part of cladding, and the core of a fiber consists of 
the transparence field which breaks the periodicity of cladding. Usually, air is [ hole ] full of both a core 
and cladding with the product made from pure quartz glass. The width of face of a flat surface to the flat 
surface of 5 micrometers and the whole fiber of the diameter of a core is 40 micrometers about, and 
spacing of a hole is 2 thru/or 3 micrometers. If the diameter of the air vent of a fiber is fully small 
compared with the pitch or spacing between holes, it will show the core of a fiber to light by the single 
mode. 

The single mode fiber is more advantageous than a multimode fiber in the field of a long-distance 
communication link, laser power sending out, £ind much sensor application by the reason the problem of 
severe dispersion which the lightwave signal conveyed with a fiber moves in only one mode, and occurs 
with a multimode fiber by that cause is avoidable. Furthermore, on given wavelength, the intensity of 
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light covers a single mode fiber, it is smooth and the single thing according to well-known eternal 
distribution i^ guaranteed, how as f6r this, light is discharged by the fiber, and a ifiber — a certain 
disturbance — winning popul£uity (example: time amount change) — being alike — it is unrelated. 
Since the light in which any fiber passes through the inside of it is attenuated unescapable in much 
application, for example, it is that it is usefiil that an optical fiber can convey as much optical power as 
possible. For example, when detection sensibility is fixed, the die length of a communication link can be 
lengthened by increasing the radiant power input to a fiber. Moreover, if path attachment of the light can 
be carried out via a fiber without using the conventional optical system, there will be a lot of high-power 
laser system which can be made simpler in the application on industry. However, there is a Hmitation in 
the amount of the light which can be conveyed to predetermined time with a known optical fiber. 
With the conventional fiber which consists of the core region surrounded by the cladding field where a 
refi-active index is low, when the intensity of light in a fiber exceeds a threshold, the ingredient with 
which the fiber is made will suffer at the last the damage which recovery does riot attach, or [ degrading 
a lightwave signal, even if much intensity depending on a nonlinear optics process arises and it is 
harmless on a fiber when strength is low ] — or it may also be destroying. 

By enlarging the dimension of the core in a fiber, the intensity of light in the fiber to given power is 
reduced, before this reaches the threshold for a nonlinear process, big power is conveyed, and these 
problems are made, and can also be eased. However, a fiber will become the many modes if only the 
diameter of a core is enlarged. This can also be compensated by reducing the difference of the refractive 
index of a core and cladding. However, as a result, it becomes difficult to cover the whole core and to 
secure the homogeneity of doping. Moreover, the small fiber of a refractive-index difference tends to 
receive loss of light with deflection. Therefore, even if it enlarges the dimension of a core and makes the 
power capacity of a single mode fiber increase, there is a limit in the range of the dimension. 
Some of nonlinear effects get worse by containing a dopant in a core, and, thereby, an ingredient 
becomes [ these ] easy to be influenced increasingly. From higher power, the doped fiber becomes easier 
to suffer the damage which recovery does not attach. A fiber becomes easy to suffer damage of 
ionization radiation from existence of a dopant increasingly, and this is also a technical problem in 
atomic industry. It has fought against this technical problem by making a core the product made from a 
pure silica. Total internal reflection is held by adding a dopant to cladding and making it reduce the 
refiractive index, and since the light conveyed within cladding becomes less than what is conveyed by 
incore, it can convey bigger power. However, the light which has the inside of doped cladding conveyed 
also has a limitation also in this according to the fact of still existing. 

Furthermore, since light needs to converge to a small spot and it becomes large in conventional Ferber 
compared with the case where the strength in the end side of a fiber has a large-sized core in order to 
connect high power laser with a fiber efficiently, there are many problems. If the damage on on optics is 
near the fiber an end side or near it, the power of the radiation which can be discharged in it will receive 
a limit frequently (S. applied optics 24 (1985) 3140 page besides W. Allison). There is the maximum 
continuous wave (cw) power attained with the old single mode fur b£ir only at about 1 5 W, 
Outline of invention This invention conquers the incompatible problem of transmitting high-power 
radiation using the fiber of a conventional type, maintaining the behavior of a single mode. Strictly, this 
fiber may be used as a waveguide for sending out radiation to another point from a certain point, and 
may be used by the fiber amplifier or the fiber laser. This fiber can support propagation of radiation of 
the single mode in the range whose maximum power is lOOW thru/or 2k W. Furthermore, if the core is 
not doped, the inclination to receive the damage whose recovery does not attach a core by high 
brightness as compared with a conventional-type (doped) fiber also becomes low. With this fiber, the 
effectiveness of a nonlineeir optics process is reduced, and the high-power signal output from Ferber 
follows, and does not receive degradation. This fiber is useful at the point that there is also no need of 
converging to small beam-spot size, and high-power radiation is efficiently connected into a fiber. 
According to one mode of this invention, the optical fiber for transmitting radiation The core whose 
diameter of a core it has core refractive index n emd die-length 1, and is at least 5 micrometers and which 
consists of transparent core materials substantially, Are the cladding field which surroimd the die length 
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of core materials, and a cladding field changes from the transparent 1st cladding ingredient to the real 
target which'has the 1st refractive index. Since the transparent 1st cladding ingredient is covered 
substantially at the die length, the hole of a periodic array is ****(ed) substantially and the hole consists 
of such a cladding field that has the 2nd refractive index smaller than the 1 st refractive index The 
radiation input to optical fiber is tr2insmitted by propagation of a single mode along with the die length 
of core materials. 

If the diameter of a hole is separated only from the pitch lambda of spacing by d, since d/lambda is fixed 
asset to net worth ratio substantially, an optical fiber serves as a single mode regardless of input 
radiation wavelength, no matter a pitch lambda may be what value. This invention follows and offers the 
advantage that a fiber can be made into a single mode, also to which wavelength covering the expanded 
wavelength range as compared with what is probably realizable using the conventional-type fiber. This 
is because a fiber is a single mode to fixed-asset-to-net- worth-ratio d/A and is continued also to which 
wavelength of the expanded range. 

As for the transparent 1st cladding ingredient, it is subst2intially desirable to have the refractive index 
which is not smaller than the refractive index of a core. In a certain desirable example, a core diameter is 
at least 10 micrometers. Furthermore, in the another desirable example, the diameter of a core is at least 
20 micrometers. 

In the example with this invention, at least one hole under array cannot be found, £ind it forms the core 
of an optical fiber. The hole is arranged in general by the hexagon. 

A hole may be a vacuum field or may be filled up with the 2nd cladding ingredient. For exgimple, if the 
2nd cladding ingredient is substantially transparent, which ingredient is sufficient as it, and it may be air, 
other gases (example: hydrogen and hydrocarbon), a liquid (ex£imple: water, other water solutions, or 
coloring liquid), or a solid-state (example: glass ingredient with which a refractive index differs from the 
1st cladding ingredient). 

The transparent 1st cladding ingredient has the 1st uniform refractive index substantially, and core 
materials have the xmiform core refractive index substsmtially. The same ingredient is substantially [ as 
core materials ] sufficient as the transparent 1st cladding ingredient. For example, inside it is the 
transparent 1 st cladding ingredient as substantially as core materials, either at least may be a silica. As 
for the diameter of a hole, it is desirable that it is more than the wavelength of the light guided in the 
inside of a fiber. 

In the example with this invention, transparent core materials may also cont£iin substantially the dopant 
ingredient which is rare earth ion like an erbium. 

According to the 2nd mode of this invention, the fiber amplifier for amplifying radiation of a signal It is 
the optical fiber of a certain die length stated to here for receiving signal radiation of the selected 
wavelength and transmitting said signal radiation along with the die length. Optical fiber of such a 
certain die length with which core materials contain the dopant ingredient along with the at leeist 1 
section of the die length So that the part of said doped core materials may amplify signal radiation under 
actuation of pump radiation The source of the radiation for emitting pump radiation of different 
wavelength chosen towards the input to the optical fiber of the die length concemed. It consists of the 
wavelength selection transmission means for outputting alternatively the signal radiation by which it 
was amplified from fiber amplifier in order to transmit pump radiation to the optical fiber of the die 
length concemed alternatively. 

For example, the wavelength selection transmission means consists of the input lens for converging 
radiation and the output lens, and the dichroic mirror for transmitting altematively the amplified input 
radiation to which it should be outputted from fiber amplifier since pump radiation is altematively 
reflected into an optical fiber. In another example, the wavelength selection transmission means consists 
of the fiber directional coupler which has a wavelength dependency response. 
The dopant ingredient may consist of rare earth ion like erbium ion. 

According to other modes of this invention, the fiber laser for outputting laser radiation It is the optical 
fiber of a certain die length which states the laser radiation which has the selected wavelength to here for 
transmitting altematively along with the die length. Optical fiber of such a certain die length with which 
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core materials contain the dopant ingredient in the at least 1 section of the die length So that signal 
radiation may be amplified uAder actuation of pump radiation of said doped core materials The source of 
the radiation for emitting pump radiation of different wavelength chosen towards the input to the optical 
fiber of the die length concerned. The wavelength selection transmission means for outputting 
alternatively the signal radiation by which it was amplified firom the fiber laser in order to transmit pump 
radiation to the optical fiber of the die length concerned altematively. It consists of the feedback means 
for feeding back a part of amplified laser radiation alternatively so that said amplified laser radiation 
may pass repeatedly along with the die length of an optical fiber and may be amplified further. 
The dopant ingredient may consist of rare earth ion like erbium ion. 

In the example with a fiber laser, both feedback means may change to the wavelength selection 
transmission means list from the dichroic mirror of two sheets, the dichroic mirror of its that is put on a 
different location along with the die length of an optical fiber, and the doped core materials are placed 
between the locations of the dichroic mirror of two sheets. 

In the example instead of a fiber laser, both the feedback means and the wavelength selection 
transmission means consist of two fiber grids formed in two different locations along with the die length 
of an optical fiber so that the doped core materials may be placed between two fiber grids, 
this voice of this invention - another example [ like ] - a fiber laser ~ a ring resonator fiber laser - you 
may be ~ that case ~ feedback means It consists of the means for carrying out the orientation of the light 
which appears from one [ which has the doped core materials ] edge of the die length of an optical fiber 
to the edge by the side of another side of the die length of an optical fiber. 

According to another mode of this invention, the system for transmitting radiation by propagation of a 
single mode Each optical fiber of a certain die length carries out sequential reception of the input 
radiation from the optical fiber of a certain front die length. It is continuously arranged at the optical 
fiber of a certain following die length so that sequential transmission of the output radiation may be 
carried out. Each die length It consists of the optical fiber of die length with the plurality stated to such 
here separated by the magnification means for amplifying the radiation output from the optical fiber of a 
certain die length so that it may be maintained more than the power to which the power of the radiation 
transmitted with the optical fiber of a certain die length was set beforehand. 

In a certain desirable example, the magnification means consists of fiber amplifier which is described 
here. 

Easy explanation of a drawing It is only for instantiation although explained about this invention, 
referring to the following drawings from this. 

Drawing 1 is the schematic diagram of conventional-type step index optical fiber. 

Drawing 2 a and 2b are the schematic diagrams of a photon crystal fiber. 

Drawing 3 shows the advantage of combining radiation to a comparatively big photon crystal fiber core. 
Drawing 4 shows large-sized core photon crystal fiber amplifier. 

Drawing 5 shows the wavelength selection coupler equipment used for the large-sized core photon 
crystal fiber amplifier shown in drawing 6 . 

Drawing 6 and 7 show the configuration of the fiber laser which consists of a large-sized core photon 
crystal fiber. 

Drawing 8 shows the stack and draw processing which are used in order to make a large-sized core 
photon crystal fiber. 

This invention is cleared and drawing 9 shows the SEM image of the central field of the end side of a 
large-sized core photon crystal fiber. 

Drawing 10 shows the near pattern of the output of the photon crystal fiber shown in drawing 9 . 
Drawing 1 1 shows the near distribution plot of the end side of a photon crystal fiber. 
Drawing 12 shows the effective V value about a photon crystal fiber. 

Detailed description The step index fiber 1 from the former consists of the circular core 2 which was 
surrounded with the cladding ingredient 3 which has the imiform refractive index n2 and which has a 
uniform refractive index nl and a uniform radius r about drawing 1 . The number of the guidance modes 
which a step index fiber 1 supports about the light of wavelength lambda is decided by the V value, and 
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is V here. 



It is alike and is given more. 

V of a fiber is a single mode only when smaller than 2.405. Therefore, a single mode fiber is usually 
operated so that V may become smaller than 2.405. 

In conventional-type step index optical fiber as shown in drawing 1 , the ingredient with which a fiber is 
made will suffer the damage which recovery finally does not attach, when the intensity of light spread 
along with a fiber exceeds a threshold. When the intensity of light is low, many nonlinear optics 
processes occur, and a lightwave signal may be degraded or it may destroy further. Although these 
problems are eased by enlarging the dimension of the core 2 of a fiber 1 , a fiber will become the many 
modes if only the radius of a core is enlarged. Therefore, in order to compensate this, the difference of 
the refractive index between a core 2 and cladding 3 must also be reduced to coincidence. 
The refractive index of a core 2 and cladding 3 is controllable by adding a dopant into an ingredient. It 
becomes difficult to cover the result, however a core region 2, and to secure the homogeneity of doping. 
Furthermore, the fiber with the small difference of a refi^active index tends to receive loss of light with 
deflection. Therefore, in order to make the power of radiation which can transmit a fiber, or the power 
capacity of a fiber increase, even if it increases the dimension of a core, there is a limit in the range of 
the dimension. Drawing 2 (a) shows the optical fiber 4 of this invention which conquers the power 
capacity problem which accompanies the conventional fiber. An optical fiber 4 consists of the 
transparent 1st cladding ingredient 5 substantially, die-length 1 of a fiber is covered, and the array of a 
hole 6 is ****(ed). The hole 6 is arranged in the array periodic in a longitudinal direction, and you may 
fill up with the 2nd ingredient which has a refi-active index smaller than the 1 st cladding ingredient. A 
solid-state, a liquid, or a gas ingredient is sufficient as this 2nd ingredient, and the hole may be emptied 
instead (namely, vacuum). For example, core materials 7 and the 1st cladding ingredient 5 are the 
products made firom a pure silica, and air may be [ ingredient ] full of the hole 6. 
The core region 7 of a transparent ingredient is in the real target which breaks the periodicity of the 
array of a hole 6 in a core substantially [ a fiber cross section ]. For example, the central hole of an array 
is lost and the location of the lost hole or the surrounding 1st cladding ingredient of the location forms 
the core 7 of a fiber 4. The core of a fiber has a diameter c, as shown in drawing 2 (b). The core diameter 
c of a fiber is taken on the purpose of this explanation in the distance between the core of one hole 
which adjoins a core substantially, and the core of the hole which adjoins a core in the diameter top 
opposite side. 

Although the array of a hole forms six (as [ show / in drawing 2 (a) / for example, ]) square shape mold 
patterns, other hole pattems are considered. 

With the conventional photon crystal fiber, the outside width of face w of a fiber is about 40 
micrometers, and the pitch (pitch lambda) of a hole is 2 micrometers about. A solid-state core region has 
the diameter of 4 micrometers usually smaller than the diameter of the core of the conventional single 
mode fiber (refer to drawing 1 ) used for example, for a long distance communication link. However, the 
photon crystal fiber of this dimension can usually transmit only the radiation whose power is 10 thru/or 
20W. Therefore, such a fiber is not fit for using it with the high-power laser system with which output 
power is set to at least IkW. 

According to the 2nd mode of this invention, the single mode optic fiber for sending out radiation to 
another point from a certain point consists of the photon crystal fiber at least 5 micrometers of whose 
diameters of the core 7 as shown in drawing 2 are at least 10 micrometers desirably. When the core 
diameter of a photon crystal fiber is enlarged, a result whose amount of the power which can be 
transmitted increases is brought, although it is dependent on the concrete application of a fiber, it is still 
larger, for example, it is desirable [ the diameter of a core ] that it is in the range of 20 to 50 micrometer. 
In the light of the purpose of this specification, the photon crystal fiber with which a core has at least 5- 
micrometer central impervious core 7 will be called a "large-sized core photon crystal fiber." 
Furthermore, a large-sized core photon crystal fiber can spread radiation by the single mode. Therefore, 
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this fiber can use radiation of power higher than what the optical fiber of a conventional type was used 
with the large-sized c6re dimension, and has been realized to until in order to transmit by propagation of 
a single mode. 

The large-sized core photon crystal fiber whose core diameter is 50 micrometers can support the 
continuous wave radiation whose power is 2kW about. This is equivalent to the value acquired by 
inserting the best experimental result attained with the conventional fiber. In the conventional silica step 
index fiber as shown in drawing 1 , the maximum continuous wave strength of the radiation which can 
be transmitted before etemal damage starts is lOOMWcm-2 (W. Lucy, optical engineering 34 (1995) 
2361-2364 page). It carries out considerable [ of this value ] only to the about [ lOOW ] theoretical 
maximum power of ** to the core diameter of 12 micrometers. However, the maximum continuous 
wave (cm) power which the theoretical maximum power decreased remarkably when radiation was 
combined with a fiber, and loss occurred, and was practically attained with the conventional single mode 
fiber in fact is only about 1 5 W. 

Still more nearly another advantage of a large-sized core photon crystal fiber is a point which combining 
radiation with a fiber can realize more easily, drawing 3 (a) and 3 (b) ~ as one example ~ laser radiation 
8 „ (a) - the schematic diagram in the condition of being inputted into the conventional-type photon 
crystal fiber and (b) large-sized core photon crystal fiber which have a comparatively small core by the 
means of a lens or lens equipment 9 is shown. If it seems that the core of the large-sized core photon 
crystal fiber 7 is equal to the diameter of the beam of light of laser radiation about drawing 3 (b), 
radiation 8 can be inputted into a fiber even if it does not use a lens 9. 

A single mode large-sized core photon crystal fiber is applied to laser processing which needs to 
irradiate high-power laser radiation at the ingredient which an application is in the high-power laser 
system used in an industrial field, for example, is processed. Since it is inconvenient to move laser and it 
is not practical in order to change the direction of a laser beam, in order to guide laser radiation in the 
predetermined direction, the conventional optical machine is used. High-power laser radiation can be 
guided without needing the optical machine which is complicated as for a large-sized core photon 
crystal fiber, and is bulky. 

A large-sized core photon crystal fiber is applicable also to a communication link. The conventional 
optical fiber of the die length in sending out radiation to another point from a certain (as [ show / in 
drawing 1 ]) point until now is used. Since the strength of radiation is decreased as it is transmitted 
along with a fiber, the power of the radiation which uses a fiber amplifier or a repeater for various points 
which meet the die length of a fiber, and is transmitted is strengthened periodically. Such a device 
detects the weak signal (namely, signal with which power became low) which appears from a section 
with an optical fiber link, amplifies it, and sends this amplified signal to the next section of a link. 
Before magnification is needed, a signal is more movable to a long distance through an optical fiber, so 
that the power which can support a fiber is large. Thus, spacing of a repeater is decided by the maximum 
power which can convey a fiber, however, that the maximum power which inside Ferber can convey 
degrades a signal also receives a limit according to the nonlinear optical effect of a dependency in a 
certain strength. If a core area is large, power can be made to increase to given strength. Since the 
maximum fiber core area can be used still realizing propagation of a single mode, thereby, spacing of a 
repeater can be limited to minimum. 

Spacing of the standard repeater for fibers is 30km to given detectability ability criteria (O. 1363 - 1365 
pages (1995) of IEEE photon technical letters besides ODOWIN). If a large-sized core photon crystal 
fiber is used for radiation transmission and the diameter of a fiber core is about set to 50 micrometers, it 
is enough even if spacing of a repeater spreads to 160km (when it is assumed that the power of a photon 
crystal fiber and a conventional-type fiber is equivalent). Thus, if a photon crystal fiber is used, 
transmission of a lightwave signal can be realized covering a longer distance at more convenient more 
few costs. Moreover, with a large-sized core photon crystal fiber, a fiber link can be used without the 
need for a repeater covering the distance for which the repeater is probably needed, when a 
conventional-type technique is used. 

although it comes out about drawing 4 , a large-sized core photon crystal fiber can be used also into an 
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amplifier system. A large-sized core photon crystal amplifier consists of the fiber 4 of a certain die 
length which hag the Core (not shown) usually doped with a small amount of dopant ingredient like an 
erbium. This fiber amplifier also contains the pump radiation source 13 for releasing the wavelength 
selection coupler (WSC) 12 and the pump radiation 14. The pump radiation 14 has short wavelength as 
compared with the wavelength of the input radiation 10, and is supplied to one end of the fiber 4 of the 
die length through WSC 12. The input signal radiation 10 from the radiation source 1 1 or the optical 
fiber of a certain front die length is inputted into the fiber 4 of a certain die length in the end of the 
opposite side. 

The purpose of WSC 12 is inserting radiation of a certain wavelength (namely, pump wave length), 
without boiling, and passing through and diverting radiation of another wavelength (namely, input 
radiation wavelength). Therefore, the pvmip radiation 14 can be inputted along with the same fiber 4 as 
the signal radiation 10, without taking out any signal radiation 10 from a fiber 4. Since the pump 
radiation 14 excites the dopant ion of a fiber 4 incore, gain is offered when the wavelength of the input 
radiation 10 is longer. Therefore, the input radiation 10 is amplified. The wavelength selection coupler 
12 transmits input radiation of long wavelength altematively, and generates the output signal 16 
ampUfied in this way. This output signal 16 is outputted through the fiber 15 of a certain die length. 
The wavelength selection coupler which can come to hand commercially usually consists of the input 
fiber and output fiber of a certain die length, among those an input fiber is a fiber doped from the former 
(as [ show / in drawing 1 ]). In order to avoid that reinforcement is lost whenever a signal is inputted 
into WSC 12 or is outputted from there in the large-sized core photon crystal fiber amplifier of drawing 
4 , in a system, it is desirable to include only the large-sized core photon crystal fiber. 
The equipment of a fiber is sufficient as anterior part like a fuse coupler, and if WSC 12 has a 
wavelength dependency response, which fiber directional coupler is sufficient as it. Instead, one 
example of the optical equipment 1 7 which can be used for drawing 5 as a wavelength selection coupler 
is shown. For example, optical equipment consists of input output lens 18a, and 18b with each and a 
dichroic mirror 19. The include angle is attached to the mirror 19 so that the pxHnp radiation 14 may be 
tumed to input lens 18a, it may reflect and the input signal radiation 10 may be transmitted. 
((Are shown in drawing 1 ) As) It consists of step index optical fiber, and lOOkW peak power is realized 
with the fiber with which a core diameter represents with 20 micrometers the limitation of the 
conventional technique of transmitting pulse radiation of pulse duration for Ins (P. 260 - 261 pages of 
meeting (1995) minutes about fiber optics communication besides NOCHI). If a fiber 4 uses the photon 
crystal fiber amplifier which has the core diameter which is 50 micrometers about and which is shovm in 
drawing 4 , the pulse radiation which has a pulse for Ins and at least 600k W peak power can be 
transmitted. 

Otherwise, a large-sized core photon crystal fiber is utilizable for a fiber laser. Although others have the 
configuration of the fiber laser equipment which can use a large-sized core photon crystal fiber in large 
numbers, two configurations which can use a fiber laser are shown in drawing 6 and drawing 7 . For 
example, a large-sized core photon crystal fiber can be used for a ring resonator fiber laser, in that case, 
it is combined, and laser radiation will turn aroimd the "ring" of a fiber, and will be transmitted, and the 
both ends of a fiber will be amplified continuously. 

although it comes out about drawing 6 , the fiber laser in which an output of high-power radiation is 
possible has changed to the core region (not shown) from the large-sized core photon crystal fiber 4 of a 
certain die length which has a small amount of dopant like an erbiimi. The fiber laser contains output 
mirrors, two dichroic mirrors 22, i.e., an input mirror, 23 at one of the edges of a fiber 4 again. The 
radiation 24 firom the source of the pump radiation 25 (example: laser) is inputted through the input 
mirror 22. This makes gain by exciting erbium ion in the core of a fiber to the fiber field 4 to which it 
was doped between mirrors 22 and 23. Spontaneity luminescence from the excited erbixmi ion generates 
the little signal radiation with wavelength longer than the pump radiation 24 in a fiber 4 (not shown in a 
fiber). Whenever it comes and goes along with a fiber, it is reflected by mirrors 22 and 23, and this 
signal radiation is amplified. 

while the die taro IKKU mirror 22 transmits the pump radiation 24 typically - signal radiation - it 
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designs so that 99% may be reflected about — having ~ the dichroic mirror 23 for an output — laser 
radiation ~ It is desighed so that 80% may be reflected about. Therefore, a signal 
Whenever radiation is reflected by the output mirror 23, a fraction also appears as an output signal 25. 
Since the source of laser radiation can be offered with the gestalt of the fiber which can be easily 
connected with the optical fiber of the die length which has **** as usual, it is easy to use a fiber laser. 
A fiber laser output more powerfiil than the thing using the optical fiber of a conventional type is 
realizable with the high-power capacity of a large-sized core photon crystal fiber. 
The configuration instead of a fiber laser is shown in drawing 7 , and it consists of the fiber grid 26 
which has the fimction of a dichroic mirror ( drawing 8 ). This configuration has the advantage that all 
are equipment of a fiber. The fiber laser containing a large-sized core photon crystal fiber has many 
configurations, and it does not have intention as being limited to two examples which the fiber use in 
such equipment illustrates. In another example, a large-sized core photon crystal fiber is used for a ring 
resonator fiber laser, it already connects with an end, laser radiation continues, and the end of a large- 
sized core photon crystal fiber is continuously amplified there involving the "ring" of a large-sized core 
photon crystal fiber. 

The large-sized core photon crystal fiber 4 is made firom the rod of quartz glass using repetitive stack - 
and - draw processing, as usually shown in drawing 8 (J. optical letter 21 (1996) 1547 page besides C. 
night and ERATA, optical letter 22 (1997) 484 page). Drawing 8 (a) shows the rod of the cylindrical 
shape of quartz glass 27, and has made the hole 6 ( drawing 8 (b)) in the core along with the die length 
of a rod 8, 

The page [ 6th ] flat-surface section is started by the outside of a rod in a regular distance firom the hole, 
and the rod 27 is made into what had the cross section of six square shapes in the circumference of the 
central hole 6. Extension shaping of the rod 27 is carried out to a glass tube 28 using a fiber drawing 
tower, and a glass tube 28 is cut by necessary die length. The stack of the glass tube 28 is carried out 
here, as shown in drawing 8 (c), the glass tube of a tortoise shell form array is formed, and this forms a 
fiber 4. The glass tube which exists in the center of an array does not have the hole made through the 
core, but forms the core 7 of a fiber 4. Here, extension shaping of the glass tube which the stack 
completed is carried out to a final fiber using a fiber drawing tower. 

As long as it can also use an alternative manufacture technique, for example, can use the silica capillary 
of a cylindrical shape, these may be used as a basic fiber element (namely, capillary which already has a 
form of a glass tube 28). Thereby, the time and effort of the punching phase of stack - described 
previously and - draw processing or a logging phase can be saved. 

A fiber 4 consists of the 1st cladding ingredient which can be extended [ that it is transparent and ] to a 
fiber (as [ show / in drawing 8 (b) ]) substantially. If core materials are substantially transparent,, which 
ingredient is sufficient as them and they do not necessarily need to be the same as that of the 1st 
cladding ingredient. As for the refractive index of the 1st cladding ingredient, it is desirable that it is not 
below the refi-active index of core materials. 

empty, i.e., a vacuum, is sufficient as a hole 6 - carrying out — or the 2nd cladding ingredient which a 
refi-active index can be low and can extend to a fiber, some the ingredients, i.e., 1st cladding ingredient, - 
- or when extension shaping of the hole is carried out at the already small dimension, you may fill up 
with which ingredient which can be inserted into it. For example, the hole may be filled with air, other 
gases (example: hydrogen, hydrocarbon), the solid-state (example: a different glass ingredient which has 
a different refi-active index from the 1st cladding ingredient), or the liquid (example: water, a water 
solution, coloring liquid). The 2nd cladding ingredient in a hole does not necessarily need to be 
transparent. The phrase a "hole" is not limited to the semantics of the lack field in the 1st cladding 
ingredient so that more clearly them this explanation. 

If the diameter of the air vent in a fiber is fUlly small compared with the pitch or spacing between holes, 
it will show the core of a fiber to light by the single mode. As for the diameter of an air vent, it is 
desirable that it is smaller than the wavelength of the light guided in the inside of a fiber. As for spacing 
of a hole and a hole, it is desirable that it is 1/2 or less [ of more than the quadrant of a core diameter and 
a core diameter ]. 
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spacing of a hole apd a hole — usually — a core diameter — about — 2 minutes ~ it is 1 . 
The 1st cladding ingredient and the core may have the refractive index of homogeneity , and may have a 
different refractive index. For example, it may be filled up wdth an ingredient which lacks the central 
hole of an array, it not only makes it small or larger than other holes, but loses other holes, or is 
different. A core 7 may also be doped with dopant ingredients, such as an erbium or other rare earth 
elements, like [ in the fiber laser shown in drawing 6 and drawing 7 ], 

Drawing 9 shows the SEM image of the central field of the end side of cleared PCF. There is no central 
hole and the core with a diameter of 22 micrometers is in the condition that a boundary is defined by six 
innermost holes. Relative hole dimension d/lambda of a fiber is 0.12 by width of face of 180 
micrometers. 

Drawing 10 shows the near pattern in the output of the large-sized core PCF shown in drawing 9 with a 
wavelength of 458 micrometers for incident light. An image is understood that it is saturated with the 
center section of the pattern and the description is weak at the end. The perimeter of a pattern is a 
concave and this is a place in contact with six innermost air vents. 

In order that it might be discharged in a fiber and light with a wavelength of 458 micrometers might 
remove cladding mode, the liquid with which a refi-active index is doubled was applied to structure. The 
output was observed whenever discharge conditions were changed. The many modes were not excited in 
the pattern soon and the output of PCF as shown in drawing 5 was not influenced. Even if the core 
diameter was 50 times the wavelength of incident light, the fiber was still a single mode. If scale 
doubling of this result is carried out to the wavelength of 1550nm, a core diameter will serve as a single 
mode also by the same PCF which is 75 micrometers. 

He can understand the behavior of the large-sized core photon crystal fiber of this invention from the 
point of the effective refiractive index n2 of the cladding 5 in different wavelength. Drawing 1 1 (a) and 
11(b) 

The near distribution plot of the end side 28 of the ****** crystal fiber 4 is shown, core materials 7 and 
the 1st cladding ingredient are silicas, and air is filled in the hole 6. 

although it comes out about drawing 1 1 (b), in long wave length (example: 1500nm), the optical 
propagation which passes along a fiber 4 is that (refer to drawing 3 (b)) which does not fully project the 
array of a hole, and the considerable part of light spreads an air vent 6. For example, it follows, a pure 
silica receives refractive-index nl (namely, refractive index of a core 7), and the effective refractive 
index of a silica and a cladding ingredient 5 like air becomes small, although it comes out about drawing 
11 (a), the light of the short wavelength (example: 600nm) spread along with a fiber 4 projects the array 
of a hole 6 clearly, and is substantially excepted from passing through and spreading a hole. The 
effective refractive index n2 of the silica cladding 5 which encloses a core 7 follows, and is near by the 
refractive index (namely, refractive index of a core 7) nl of a pure silica. 

Therefore, although it retums to a formula 1, based on the explicit dependence to wavelength lambda, a 
V value becomes large, so that the wavelength of the light which passes through and spreads a fiber 4 
becomes small. This increment is **. 

It is alike and nl and n2 are the effective refractive index of silica cladding, and the refractive index of a 
pure silica (core 7), respectively. Since this makes a V value what is seldom dependent on wavelength, it 
makes the wavelength range where V can become under a threshold over the multi-mode guidance for 
the structure expand. 

If it restricts to short wavelength, the wavelength dependency of V not only becomes small, but will 
actually be excepted completely. About this, it is shown in drawing 12 and the graph of the effective V 
value (Veff) of the fiber to change of the ratio to the wavelength lambda of the pitch lambda of a hole is 
shown. Each curve supports the given ratio to the pitch lambda of the diameter d of a hole 6. A Veff- 
d/lambda curve is computed by calculating the effective refractive index nl of the cladding ingredient 5 
first, and then calculating Veff from a formula 1 . The radius of a core 7 considers in the pitch lambda 
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that count is an eqi^al. 

It is shown that V is r'estricte'd to a'value with a top as, as for drawing 12 , ratio lambda/lambda 
approaches infinity to each ratio of d/lambda. This behavior is contrastive with the behavior of the 
conventional -type step index fiber that V also becomes infinity as r/lambda becomes infinity. Unlike the 
conventional-type step index fiber, a large-sized core photon crystal fiber follows, and it is made so that 
it may become a single mode also for the structiire of which scale. Therefore, in d, if this fiber fixes the 
ratio of d/lambda as a diameter of a hole 6, it will serve as a single mode also to the value of which pitch 
lambda. 

With the property, a large-sized core photon crystal fiber becomes a thing suitable for use with some 
applications including the use as a high-power communication link, a high-power fiber amplifier, and a 
high-power fiber laser. Since big optical power is sent out towards the application on industries, such as 
laser processing, and the application on medicine, a fiber can also be used again. 



[Translation done.] 
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